Introduction
The prevalence of visual impairment among children in the industrialised part of the world is 12/10 000. [1] [2] [3] A predominance of various prenatal aetiological factors is seen 4 but also peri-/neonatal complications play an important role and are seen in 20% of all children with visual impairment. For a number of years much interest has been focused on peri-/neonatal complications in preterm infants. Nevertheless children born at term are of no less interest as 45% of children with visual impairment resulting from peri-/neonatal complications are born full-term. In addition, the majority (94%) has multiple impairments. 4 Thus, this is a group which is of considerable clinical importance not least in the light of their multiple impairments. Little is found in the literature about possible causes or risk factors; we therefore thought it important to analyse this problem further in a search for possible preventive measures.
Materials and methods

Data sources
Children born at term and with visual impairment resulting from peri-/neonatal complications were identified by an inventory of the Swedish Register of Visually Impaired Children. 1 The analysis was restricted to individuals born in 1979-98. At the time of analysis, 1998 was the last complete year of the Medical Birth Registry which was used as background material.
The Swedish Register of Visually Impaired Children
This database includes information on all visually impaired children in the country, 0-19 years of age, and with a visual acuity of £ 0.3 and/or a simultaneous visual field defect. It was originally obtained by orga-nising data obtained by reviewing medical records on Low Vision Clinics and Departments of Ophthalmology throughout Sweden and is now continuously updated. Data obtained on each child is recorded on a standardised form and subsequently entered and organised into a database. Each record contains information on name, sex, date of birth, patient's ophthalmologist and low vision clinic, county, ophthalmological diagnosis, systemic diagnosis, aetiological factors, additional impairments, classification of visual impairment, visual field defects, refraction, near vision, and family history.
Suggested aetiological factors are divided into four main categories: (1) prenatal; (2) peri-/neonatal; (3) infantile/juvenile; and (4) unknown, according to the system in previous Nordic studies. 4, 5 A classification of visual impairment is made according to the WHO (World Health Organisation) definitions, and ophthalmological diagnoses are classified according to a Californian version of ICD-9 (International Classification of Diseases, 9th version). 2, 6, 7 On 31 December 1999, the database included data on 2774 individuals, 0-19 years of age. The total Swedish population at that date was 8.86 million and the age-specific population at that point was 2.25 million.
Records from this register were linked with the Medical Birth Register for the years 1979-98 8 
The Swedish Medical Birth Registry
The Medical Birth Register contains data on antenatal care, delivery, and the paediatric examination of the newborn. Since 1982 it has been based on copies of the original medical records, computerised by the National Board of Health in Stockholm.
Exclusions
Cases were selected with a gestational duration (in most cases based on second trimester ultrasound) of at least 37 completed weeks ( n = 1770). In 13 instances, no information existed on pregnancy duration -the majority of these infants had a birthweight < 2500 g and were probably preterm. Children with a known genetic ( n = 563) or chromosomal ( n = 135) anomaly were excluded and also infants whose visual impairment was the result of a post-neonatal event ( n = 118). The risk factor study was restricted to infants ( n = 715) without a genetic or chromosomal anomaly, a postnatal cause of the visual impairment, a central nervous system malformation ( n = 175) or a multiple malformation syndrome ( n = 51).
Risk factors studied
Maternal characteristics: maternal age (5-year categories), parity (0-3 + ), maternal smoking habits in early pregnancy (recorded since 1983, none, < 10 cigarettes/ day, 10 + cigarettes/day and known for about 93% of cases), maternal education on 1 January 1996 (up to and including 1995, a 6-step scale), maternal nationality, subfertility in mother (recorded since 1983 as the number of years of involuntary childlessness).
Information on maternal smoking and subfertility was obtained by midwife interview at the first antenatal care visit (usually in weeks 10-12). Information on education and nationality was linked from the registers of Statistics Sweden.
Maternal diagnoses: pre-eclampsia, prolonged second stage of labour, abruptio placentae, placenta praevia. These were based on ICD-codes (International Classification of Diseases) given in the delivery records.
Delivery: pregnancy duration in completed weeks, breech delivery and instrumental delivery. Information was obtained from the delivery records.
Infant characteristics: birthweight and standard deviation scores (SDS) from normal birthweight in that gestational week based on data from the register 9 ), low Apgar score ( < 7 at 5 min). Information obtained from the records of the paediatric examination of the newborn.
Analysis of gestational duration, birthweight, SDS, and instrumental delivery were limited to singleton births. Other variables were studied in all infants.
Comparisons were made with data for all term births with exclusion of infants who died before the age of 1 year, sometimes restricted to singleton births (see above).
The statistical analysis was made using MantelHaenszel procedure with various adjustments. Risk estimates were expressed as odds ratios (OR) with 95% confidence intervals [95% CI], the latter determined with Miettinen's test-based method. When no natural reference group existed (maternal education, gestational duration, birthweight), comparisons were made between each exposure group and all other groups. age had no effect and parity only a weak and uncertain U-shaped effect. Smoking increased the risk but statistical significance was not reached. Non-Swedish nationality is slightly protective while maternal education had an effect with a moderately increased risk if the mother had only completed compulsory school. Involuntary childlessness did not show up as a risk factor. Only singleton births. a,b Number of infants with visual impairment (N), number of infants in comparison group (N1). Stratification for year of birth, maternal age, parity, education, and smoking habits. Note that total numbers differ because of lack of data. For gestational duration and birthweight, each category is compared with all other categories. c SDS = birthweight in standard deviations (SD) from expected weight at that gestational week, standardised for parity (0, 1 + ) and infant sex. Table 2 shows the ORs for various gestational duration categories, birthweight (500 g categories), and for SDS score. There is a U-formed risk according to gestational duration with a minimum at 39-40 completed weeks. There is a strong excess risk at low birthweight and an increasing risk at birthweights > 4 kg which is mirrored in the data based on SDS values where there is an excess risk both for infants that are small-for-date ( < 2 SD) and for infants that are large for date ( > 2 SD). Among the 24 infants with a birthweight ≥ 4500 g, only one had a mother with a diagnosis of diabetes.
Results
Maternal characteristics
Maternal diagnoses and mode of delivery
Table 2. Infant characteristics as risk factors for visual impairment in term infants
Infant characteristics
The OR for low Apgar score ( < 7 at 5 min) ( n = 109) is 12.5 [95% CI 10.3, 15.1] after stratification for year of birth, smoking, maternal education, and infant SDS.
Discussion
We have analysed possible risk factors for visual impairment in term children with no definite prenatal or postnatal cause. Improved neonatal care during the last decades has significantly reduced both mortality and morbidity among term as well as preterm infants in industrialised countries. The increased survival rate in preterm infants is, however, resulting in an increased number of individuals with functional problems caused by their prematurity. 10 Much attention has been focused on their ophthalmological problems, notably retinopathy of prematurity (ROP), described already in 1942. 11 Other complications such as optic atrophy, refractive errors, strabismus, and cerebral damage have also been reported. [12] [13] [14] [15] Recently, damage of the posterior visual pathways and associated problems have been described. 16, 17 Risk factors for developing ROP and other complications have been much debated, yet no unfailing proof for the pathophysiological mechanisms has been found. Low gestational age, serious neonatal complications such as infections, intraventricular haemorrhage, or respiratory problems have been implicated. Recently IGF1 has been suggested to play an important role in the development of ROP. 18 The eye problems of term children exposed to hypoxia or affected by cerebral damage have raised less interest. Yet this is a significant group considering their often very serious additional problems, best illustrated by the large proportion of children with both visual and additional impairments, 94%, as found, for example, in a Swedish study of 2373 visually impaired individuals, 0-19 years of age. 4 Virtually nothing is known about possible risk factors and this lack of information is addressed in this paper.
In our analysis abruptio placentae turned out to be the strongest risk factor. The risk for abruptio is influenced by maternal smoking habits. Even if smoking as such does not give statistical significance it cannot be ruled out as being of no importance due to its influence on the placenta.
Another interesting fact is the increased risk with breech delivery. It has been shown that breech delivery is associated with increased mortality and now also with serious visual problems and a high proportion of other impairments. This is noteworthy and should be considered in the current debate on caesarean section as an alternative to vaginal delivery at breech presentation. 19 Also caesarean section as such shows a significantly increased risk but this may be due to the fact that emergency section is chosen when the well-being of the infant is threatened.
Both low and high SDS values [i.e. birthweight expressed in standard deviations from the expected weight at that gestational age, standardised for parity (0, 1 + ) and infant sex] were associated with an increased risk for visual impairment in term children. The high risk for infants with low SDS is not surprising since the low birthweight indicates unfavourable prenatal conditions, making the infant more vulnerable to any strain during delivery and complications in the perinatal period and thus more prone to suffer from injury. The same explanation probably applies to the increased risk associated with pre-eclampsia.
It has been shown that children large-for-gestational-age have an increased mortality and are also over-represented among children with cerebral palsy. 20 In this study we find further evidence of the danger connected with high birthweight, apparently unrelated to a prolonged second stage of labour.
The increased risk in children with low Apgar scores at 5 min is not surprising as this is the indicator of an unfavourable event causing impairment.
From a clinical point of view the risk factors particularly worth noting are abruptio placentae (a condition linked to smoking mothers), pre-eclampsia, excessively low as well as excessively high birthweight and breech delivery. The last of these is worth noting in the current discussion on risks, advantages or excessive exploitation of caesarean section.
